The microstructural evolutions of Ni-30Fe alloys during hot deformation are investigated. Hot-deformed structures of Ni-30Fe alloys with initial austenite grain sizes of 20 and 140 m are examined under various compressive strains and deformation temperatures. As the initial austenite grain size decreases, dynamic recrystallization (DRX) occurs at lower compressive strain and lower deformation temperature. At deformation temperatures where dynamic recovery occurs instead of the DRX, hot-deformed structures consist of recovered elongated grains until fine-equiaxed grains are evolved by geometric DRX. Critical compressive strain for the geometric DRX decreases with the decrease of initial austenite grain size. Geometric DRX is evolved by the impingement of serrated grain boundaries. The decrease of initial grain size is considered to reduce the critical compressive strain needed for the impingement of serrated grain boundaries. The changes in the effective thickness of austenite grain according to the compressive deformation are examined and the effects of the restoration processes on the effective thickness of austenite grain are discussed.
I. INTRODUCTION
GRAIN refinement of ferrite has been actively studied for the improvement of strength and toughness in low-carbon steel.
[1] It was reported that severe plastic deformation of austenite during thermomechanical processing (TMP) was very useful for the refinement of ferrite grains. [2, 3, 4] Typical applied strain by severe plastic deformation ranged from 0.7 to 5, [2, 3, 4] and these strain levels are much higher than the strain levels during conventional TMP, which are reported to be around 0.3 at most. [5] To understand the refinement mechanism of ferrite grains by severe plastic deformation of austenite, the evolution of hot-deformed structure of austenite by severe plastic deformation must be examined because the transformed structure of ferrite is closely related to the hot-deformed structure of austenite. The hot-deformed structure of austenite and its relation to the final microstructure during conventional TMP are well established. [5, 6] Also, there have been some studies on the hot-deformed structures of austenite by severe plastic deformation. [7] [8] [9] [10] Because the austenite in low-carbon steel transforms to ferrite, bainite, or martensite during cooling to room temperature, the stainless steel, [7] the Ni-Co alloy, [8] or the Ni-Fe alloy [9, 10] was used as a model alloy for investigating the hot-deformed structure of austenite in most of the studies. Those studies reported that the severely deformed structures of austenite mainly consisted of dislocation walls or microbands. However, complicated microstructural evolutions accompanying the dynamic recrystallization (DRX) and the dynamic recovery hindered the quantitative characterization of the deformed structure of austenite by severe plastic deformation. Furthermore, the studies on the configuration of high-angle boundaries during the severe plastic deformation have been rarely reported, even though the high-angle boundaries in austenite are known as the most potent nucleation site for ferrite.
We examined the deformed structure of austenite, using a Ni-30Fe alloy, under various deformation conditions. [11, 12] The Ni-30Fe alloy is an austenitic alloy that does not transform during quenching, and thus, its hot-deformed structure can be retained at room temperature. The reported stacking fault energy of Ni-30Fe alloy is around 75 mJ/m 2 , which is similar to that of low-carbon steels. [13, 14] The stacking fault energy has a great influence on the restoration processes during hot deformation. [10, 14] Accordingly, the deformed structures are considered to be similar for materials that have similar stacking fault energies. We reported [11, 12] that the severe plastic deformation of Ni-30Fe alloy caused the geometric DRX that resulted in fine equiaxed grain structure without discontinuous recrystallization. As a following study on the hot-deformed structure of austenite using Ni-30Fe alloy, the present study examines the effect of initial austenite grain size on the hotdeformed structure of austenite under various deformation conditions. Microstructural evolutions and restoration processes according to the deformation conditions are investigated for Ni-30Fe alloys with initial austenite grain sizes of 20 and 140 m. Particularly, the configurations of high-angle boundaries of austenite during severe plastic deformation are examined. In this study, the high-angle boundaries in deformed Ni-30Fe alloys are characterized by orientation mapping using electron backscattered diffraction (EBSD). The configurations of high-angle boundaries according to the deformation conditions are discussed in relation to the restoration process during the hot deformation.
II. EXPERIMENTAL
The chemical composition of prepared alloy is given in between 1200 °C and 970 °C. To make the grain size around 20 m, the plate was further rolled between 900 °C and 850°C with total reduction ratio of 67 pct. The initial microstructures of Ni-30Fe alloys are given in Figure 1 . Compression test specimens with dimensions of 12 mm (T) ϫ 15 mm (W) ϫ 20 mm (L) were machined from the hot-rolled plates. A Gleeble* 2000 hot deformation simulator *Gleeble is a trademark of Dynamic System, Inc., Poestenkill, NY.
was used for the hot compression test. Figure 2 shows the TMP paths for the hot compression test. The deformation temperatures were 973, 1023, 1073, and 1173 K, respectively. The specimens were heated at a rate of 5 K/s up to the deformation temperatures by resistance heating. The specimens were held at each deformation temperature for 5 seconds and then compressed at a strain rate of 10/s. The temperatures of the specimens were monitored using a K-type thermocouple. The thermocouple was attached to the specimen at the point marked "TC" in Figure 2 . Because of the relatively high strain rate of 10/s, adiabatic heating during the deformation was unavoidable. The temperature increases by the adiabatic heating were around 30 °C. The specimens were quenched to room temperature by water jet just after compression. The time interval between the hot compression and the water cooling was controlled to be less than 0.3 seconds to freeze the deformed structure. Deformation is usually concentrated on the center of the hot-compressed specimen due to the friction between the specimen and the tool. Since a strain gradient exists along the compressive axis (ND) in a deformed specimen, we can assess various deformation structures corresponding to different amounts of compressive strain. In our previous study for Ni-30Fe alloy, [11] the strain distribution in a deformed specimen along the compressive axis could be evaluated from the compression test using a screw-embedded specimen. A screw with a diameter of 3 mm and a pitch interval of 0.5 mm was made of the same material as the specimen, and it was inserted into the specimen parallel to the compressive axis. The change of the pitch intervals after the compression test was measured to evaluate the strain distribution. The peak compressive strains of deformed specimens with the nominal reduction ratios of 50 and 75 pct were evaluated to be 2.1 and 4.9, respectively, at half-thickness points of deformed specimen along the compressive axis. [11] The specimens for metallographic analysis were prepared using standard methods. The TD sections of the hotcompressed specimens shown in Figure 2 were observed with light microscopy using an etching solution containing HCl (100 mL), FeCl 3 (50 g), and ethanol (400 mL). In the present study, the hot-compressed specimens with nominal reduction ratios of 50 and 75 pct were examined. Four positions were selected for the microstructural characterization. The compressive strains at selected positions were 0.55, 1.04, 2.1, and 4.9. When the microstructure could not be clearly characterized with a light microscopy, a transmission electron microscopy (TEM) was used to investigate the microstructure and the restoration process. Thin foils for TEM were cut from the TD section. Discs of 3 mm in diameter were ground to reduce the thickness to around 50 m. 
